Abstract: Acute kidney injury remains an important cause of renal dysfunction. In this context, Toll-like receptors have been demonstrated to play a critical role in the induction of innate and inflammatory responses. Among these, Toll-like receptor 2 (TLR2) is constitutively expressed in tubular epithelial cells (TECs) of the kidney and is also known to mediate ischaemia reperfusion (IR) injury. Adult male C57BL/6JRj mice were randomized into seven groups (n = 8): a non-operative control group (CTRL) and six interventional groups in which mice were subjected to a 30 min. bilateral renal ischaemia. Immediately before reperfusion, mice were treated either with saline or with TLR2 antibody (clone T2.5) and harvested after ischaemia and reperfusion for 3, 24 and 48 hr. Analysed kidney homogenates of TLR2 antibody-treated mice displayed significantly decreased levels of TLR2 protein after 3 hr of IR compared to saline-treated mice. Accordingly, the degree of AKT phosphorylation was significantly decreased after 3 hr of IR compared to saline-treated animals. TUNEL staining revealed significantly higher apoptosis rates in TLR2 antibody-treated animals compared to saline-treated mice after 3 and 24 hr of IR. Further, a positive correlation between TLR2 protein expression and phosphorylation of AKT as well as a negative correlation with the number of TUNELpositive cells could be observed. Inhibition of TLR2 and its signalling pathway by a single application of TLR2 antibody results in reduced phosphorylation of AKT and consecutively increased apoptosis.
Renal ischaemia reperfusion (IR) injury remains an important cause of acute kidney injury (AKI) in native kidneys and allografts. Upon renal IR injury, inflammatory processes are abundant and contribute to the subsequent enhancement of tubular injury. Evidences suggest that innate immune and inflammatory responses can significantly modulate IR injury in different organs [1] . In this context, Toll-like receptors (TLRs) have been demonstrated to play a critical role in the induction of innate and inflammatory responses [2] . In particular, there is ample evidence that TLR2 is activated by endogenous ligands in sterile inflammatory conditions such as renal IR injury [3] . Contextually, TLR2 has been shown to affect recovery after renal, myocardial and cerebral ischaemia [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Focusing on the kidney, the majority of the constitutive TLR2 mRNA expression at the cellular level was found to be located in the renal epithelial cells [14] . Yet, renal inflammation evoked by ischaemia markedly enhanced synthesis of TLR2 mRNA in the distal tubular epithelium, the thin limb of Henle's loop and collecting ducts [14] . A subsequent study confirmed that TLR2 is constitutively expressed within the kidney and participates in ischaemic renal injury through myeloid differentiation (MyD)88 factor-dependent and myeloid differentiation (MyD)88 factor-independent pathways, suggesting that signalling through TLR2 in the intrinsic kidney cells plays a dominant role in mediating renal ischaemic damage [15] . This was further investigated via induction of IR injury in TLR2 (À/À) and TLR2 (+/+) mice, as well as chimeric mice deficient in leucocyte or renal TLR2. In addition, the therapeutic potential of TLR2 antisense oligonucleotides treatment was evaluated [10] . In this study, renal-associated TLR2 was identified as an important initiator of inflammatory response leading to renal injury and dysfunction in IR injury [10] . A further study showed that inhibition of TLR2 using a mouse antihuman TLR2 antibody that cross-reacts with mouse TLR2 (OPN301) provided significant protection from IR injury in a model of kidney transplantation [8] . In contrast, another study investigating TLR2 (À/À) single knockout mice subjected to IR injury reported that those single knockout mice were not protected from injury [16] . Considering other organs, conflicting observations concerning a protective or aggravating effect of blocking or enhancing TLR2 in IR have also been made. In focal cerebral ischaemia, a significant decrease in the infarct volume could be observed in TLR2-deficient mice compared to WT mice [6] . In contrast, another study on cerebral IR injury examined the effect of TLR2 activation by its specific ligand Pam3CSK4 and revealed a significant prevention of focal ischaemic damage compared to untreated IR mice [5] . Likewise, studies on myocardial infarction induced in WT and TLR2 (À/À) mice Author for correspondence: Anja Urbschat, Aarhus University, Department of Biomedicine, Bartholins All e 6, 8000 Aarhus C, Denmark (e-mail: anja.urbschat@biomed.au.dk).
yielded a blunted myocardial necrosis in TLR2 (À/À) mice [17] as well as less myocardial fibrosis in the non-infarct area compared to WT mice [13] . Similarly, antagonizing TLR2 with a monoclonal anti-TLR2 antibody resulted in reduced infarct size and preserved cardiac function [7] . Opposed to this treatment, TLR2 ligands like Pam3CSK4 were found to significantly reduce myocardial infarct size and improve cardiac function in myocardial IR [4, 9] . Therefore, the role of TLR2 in IR injury appears to be complex and multifaceted. Although studies of renal IR injury in TLR2 knockout mice are available, this study was designed to mimic a more clinically relevant setting and investigate surrogate parameters of renal IR injury (i.e. apoptosis, inflammatory signalling pathways, renal function) secondary to a single treatment with TLR2 antibody.
Materials and Methods
Animals. Male adult C57BL/6JRj mice (Janvier, France) weighing 25-30 g were housed in the central research facility of the GoetheUniversity Frankfurt. The mice were kept in approved plastic cages, had water and food ad libitum and were housed in rooms equipped with a 12 hr light cycle. Interventional groups. Before mice were subjected to a 30-min. period of bilateral renal ischaemia, randomization into seven groups (each n = 8) was performed: One untreated control group (designated CTRL), three sham-treated groups with i.v. application of saline immediately prior to the removal of the clamp followed by 2.5 hr (designated as: saline 3 hr), 23.5 hr (saline 24 hr) and 47.5 hr (saline 48 hr) of reperfusion and three groups with i.v. application of a monoclonal antibody against mouse TLR2 clone T2.5 (10 lg/g body-weight, #HM1054B; Hycult Biotech, Uden, The Netherlands) immediately prior to the removal of the clamp followed equally by 2.5 hr (designated as: TLR2 ab 3 hr), 23.5 hr (TLR2 ab 24 hr) and 47.5 hr (TLR2 ab 48 hr) of reperfusion. The dose of T2.5 antibody was chosen according to Arslan et al. [7] and one of our previous studies on myocardial IR [18] . The timing of treatment immediately prior to reperfusion as well as the postinterventional time intervals for tissue analyses was chosen with regard to our former studies on renal IR [19, 20] and with the idea of a model resembling a possible clinical situation starting with the resolution of injury. Mice were deeply anaesthetized with an intraperitoneal injection of ketamine (100 mg/kg body-weight) and xylazine (5 mg/kg body-weight). After bilateral dorsal flank incision and preparation of the kidney arteries, kidneys were subjected to IR. Clamping of the renal artery was performed under microscopic control using non-traumatic microvascular clamps with a jaw pressure of 85 g (Micro-Serrefine 8 mm; Fine Surgical Instruments, Hempstead, New York, USA). Clamps were then released, and the recovery of renal blood flow was visually monitored. Subsequently, incisions were closed in layers and mice were allowed to recover in a heated surrounding. Upon completion of the respective observation periods, animals were killed, the complete kidneys carefully removed and divided longitudinally into halves. One-half of which was placed in 4% paraformaldehyde overnight; the other, together with blood samples, was stored at À80°C pending further processing. For all tissue analyses consistently, one specific kidney was used and all analyses were performed with all mice in each respective interventional group (n = 8).
Histopathological examination and haematoxylin-eosin (HE) staining. Paraformaldehyde-fixed (4%) and paraffin-embedded kidneys were sectioned at 5 lm thickness. After immersion of the slides in Mayer's haematoxylin for 3 min., slides were immersed in eosin solution for 10-30 sec. Histological imaging was performed at 400-fold magnification from the outer stripe of outer medulla (n = 8 per interventional group).
Immunohistochemical staining and TUNEL Assay. Immunohistochemistry on neutrophils was performed using the Vectastain â ABC kit (Vector Laboratories, Burlingame, CA, USA). For specific neutrophil staining, slides were incubated with the primary antibody (neutrophil staining: rat antimouse Ly-6B.2, #MCA771GA; Serotec, Kidlington, UK). For signal amplification and detection of the neutrophil staining, a biotinylated secondary antibody (rabbit anti-rat IgG; DAKO, Santa Clara, CA, USA) was used prior to incubation for 1 hr with streptavidin-HRP complex (AXXORA, L€ orrach, Germany) and subsequent DAB incubation. Counter-staining was carried out with haematoxylin. Analysis of the slides was performed in a blinded fashion. Ten fields of randomly taken pictures from each slide (n = 8 per interventional group) were analysed counting the total number of neutrophils at 400-fold magnification. TUNEL staining was performed according to the manufacturer's protocol (In situ Cell Death Detection Kit (POD), #11684817; Roche, Rotkreuz, Switzerland). Three fields of randomly taken pictures from each slide (n = 8 per interventional group) were analysed. Quantification was done using a script, programmed in MATLAB (The Mathworks, Natick, MA, USA). The software determined the values of each pixel in the RGB space thus allowing to measure the relative area occupied by brown pixels in relationship to blue pixels. Basic principles of this method have been previously published [19, 21] .
Real-time PCR. Total RNA was isolated from homogenized kidney samples (n = 8 per interventional group) using TRI Reagent (SigmaAldrich, St. Louis, Missouri, USA) according to the manufacturer's protocol. Then, cDNA was synthesized using iScript cDNA Synthesis kit (Bio-Rad Laboratories, Hercules, California, USA). 18s was used as housekeeping gene. Gene expression profiles of TLR2, TLR4, TLR1, TLR6, IL-6, IL-1b, CXCL-1, IL-4 and NGAL (neutrophil gelatinase associated lipocalin) were assessed by quantitative real-time polymerase chain reaction using a StepOnePlusRealtime PCR device (Applied Biosystems, Foster City, CA, USA). Briefly, after a denaturation phase of 10 sec. at 95°C, followed by an annealing between 54 and 60°for 10 sec., a synthesis step at 72°for 25 sec. was performed. Specificity was detected by adding a melting curve procedure to the PCR. Primer sequences are listed in table 1. Relative changes in mRNA expression were calculated by normalizing the values to their corresponding 18s expression using the 2 ÀdCt method [22] . 18s has been previously described as stably expressed gene in the murine kidney and other murine organs [23] .
Protein isolation and western blot analysis. Kryosections of whole renal tissue (n = 8 per interventional group) were lysed in ice-cold lysis buffer with phosphatase inhibitor and protease inhibitor. After centrifugation, supernatants were removed and total protein was determined. 10% SDS gels were loaded with 50 lg protein. 
Results
Ischaemia and reperfusion induces gene expression of TLR2, TLR4, TLR1 and TLR6.
To provide a basis of TLR expression within IR injury, we performed RT-PCR analyses of kidney homogenates of relevant TLRs during this time span. We found that TLR2 mRNA was significantly up-regulated after 24 hr of IR injury in saline (p = 0.0006) as well as in TLR2 ab-treated (p = 0.0001) mice compared to mice 3 hr after IR and control mice, respectively (saline: p = 0.0066; TLR2 ab: p = 0.0018). However, no altered expression between TLR2 ab-or saline-treated mice was detectable at 24 hr. These results indicate an involvement of TLR2 signalling during IR in vivo as its respective gene expression turnover is increased ( fig. 1 ). TLR4, which is also associated with IR, showed higher constitutive mRNA expression and less distinct increase at 3 and 24 hr after IR ( fig. 1 ). As TLR2 forms heterodimers with TLR1 or TLR6 to mediate intracellular signalling, we also investigated TLR1 and TLR6 mRNA. TLR1 mRNA peaked likewise significantly at 24 hr IR in saline (p = 0.0029) as well as in TLR2 ab-treated (p = 0.0004) mice compared to control mice. Similarly, TLR6 mRNA peaked significantly at 24 hr IR in saline (p = 0.0002) as well as in TLR2 ab-treated (p = 0.0001) mice compared to mice 3 hr after IR.
TLR2 signalling in relation to phosphorylation of AKT.
In Western blot analyses, TLR2 ab-treated mice showed significantly decreased levels of TLR2 protein compared to salinetreated animals (p = 0.0499) after 3 hr of IR and hereafter over the time increasing levels at 24 and 48 hr of IR, which, however, did not differ to saline-treated mice ( fig. 2A) . Accordingly, the degree of AKT (protein kinase B) phosphorylation was significantly decreased in TLR2 ab-treated compared to saline-treated animals (p = 0.0010) after 3 hr of IR. At later times of IR, these lower protein expressions increased and approached the same level as saline-treated mice, displaying parallel trajectory dynamics as the TLR2 protein ( fig. 2A) . Furthermore, a significant positive correlation between TLR2 protein expression and phosphorylation of AKT could be observed (r = 0.337; p = 0.014) ( fig. 2B ). The phosphorylation of PI3K (phosphoinositide 3-kinase) altered only marginally ( fig. 2A) ; meanwhile, phosphorylation of ERK (extracellular signal-regulated kinase) significantly increased after 3 hr (saline: p = 0.0049; TLR2 ab p = 0.0046) and 24 hr (saline: p = 0.0049; TLR2 ab p = 0.0218) of IR in both, saline and TLR2 ab-treated groups versus control mice and declined thereafter. Yet, no difference in TLR2 ab-or saline-treated mice was detected ( fig. 2A ).
In line with this, no correlation between TLR2 protein expression and phosphorylation of PI3K or ERK was obvious ( fig. 2B ). GTAACCCGTTGAACCCCATT  CCATCCAATCGGTAGTAGCG  TLR2  CTCCCACTTCAGGCTCTT  AGGAACTGGGTGGAGAACC  TLR4  GCTTTCACCTCTGCCTTCAC  AGGCGATACAATTCCACCTG  TLR1  GGACCTACCCTTGCAAACAA  GGTGGCACAAGATCACCTTT  TLR6  GGTGGAACAGCCTTGAAAAA  CAAAGGAGGCGCTATACTCG  IL-6  CGGGAGAGGAGACTTCACAG  TTCTGCAAGTGCATCATCGT  IL-1b  GCAACTGTTCCTGAACTCAACT  ATCTTTTGGGGTCCGTCAACT  IL-4  GGGACGCCATGCACGGAGATG  TCCAGGCATCGAAAAGCCCGA  CXCL-1  CCACTGCACCCAAACCGAA  TCAGAAGCCAGCGTTCACCA  NGAL  CCAGGGCTGGCCAGTTCACTC  TGGGTCTCTGCGCATCCCAGT TLR2 antibody influences apoptosis in the early-phase of ischaemia and reperfusion. H&E staining was performed to visualize the histological tissue injury in TLR2 ab-and saline-treated mice ( fig. 3A) . To morphologically quantify apoptosis, TUNEL staining was performed and three randomly taken pictures from each slide (n = 8 per interventional group) were analysed focusing on the cortex and outer medulla ( fig. 3B ). Animals that received TLR2 ab exhibited significantly higher apoptosis rates than saline-treated mice after 3 hr IR (p = 0.0001) and after 24 hr IR (p = 0.0005). Thereafter, apoptosis rates decreased in both groups to a similar lower level 48 hr after IR ( fig. 3B ). Notably, the number of TUNEL-positive cells correlated negatively with the TLR2 protein expression (r = À0.292; p = 0.049). These data indicate that TLR2 might also be involved in the induction of tubular apoptosis after IR in the kidney ( fig. 3B ).
Inflammatory response and infiltration of renal tissue by neutrophils remain relatively unaffected by TLR2 antibody application. IL-6 and IL-1b mRNA proved to markedly increase at 24 hr of IR in both saline-and TLR2 ab-treated mice in comparison with control mice (fig. 4A) . Unlike, the anti-inflammatory cytokine IL-4 exhibited markedly diminished mRNA expression after 3 hr of IR compared to control mice, whereas levels increased after 24 hr and remained nearly stable after 48 hr of IR. Indeed, the chemotactic CXCL-1 chemokine displayed a slight tendency to lower expression in TLR2 ab-treated mice at 3 hr of IR ( fig. 4A ). To sum up, no significant difference between saline-and TLR2 ab-treated mice could be detected in IL-6, IL-1b, IL-4 or CXCL-1 mRNA at any given time.
In the following, neutrophil infiltration of the injured renal tissue was assessed by immunohistochemistry ( fig. 4B ). The number of neutrophils significantly increased after 24 and 48 hr of IR in both TLR2 ab-and saline-treated mice compared to 3 hr of IR (saline 24 hr: p = 0.0001; TLR2 ab 24 hr: p = 0.0001; saline 48 hr: p = 0.0073; TLR2 ab 48 hr: p = 0.0001; fig. 4B ). However, no significant difference in neutrophil infiltration was seen between TLR2 ab-and salinetreated mice at any given time.
Gene expression of the kidney injury marker NGAL is increased in TLR2 ab-treated mice and correlates with TLR2 mRNA expression. Neutrophil gelatinase associated lipocalin is an early biomarker of ischaemic AKI. Its mRNA expression was significantly elevated and higher expressed in TLR2 ab-treated mice when compared with saline-treated mice after 24 hr of IR (p = 0.0001) ( fig. 5) . Notably, the mRNA expression of TLR2 correlated positively with the NGAL mRNA expression (r = 0.833; p = 0.0001; fig. 5 ). The serum NGAL levels raised after 24 hr of IR significantly, too (saline: p = 0.0001; TLR2 ab: p = 0.0001), but did not display any difference between TLR2 ab-and saline-treated mice. Equally, serum creatinine levels raised after 48 hr of IR in comparison with control mice but failed to display differences between TLR2 ab-and saline-treated mice ( fig. 5 ).
Discussion
The majority of TLR2 mRNA is constitutively expressed on renal TECs in the murine kidney and is markedly enhanced on these cells upon renal ischaemic injury [14] . In vitro tubular cells apparently need TLR2 to produce significant cytokine and chemokine amounts upon ischaemia [10] . Accordingly, we could observe a marked up-regulation of TLR2 mRNA as well as TLR2 protein levels in kidneys of saline-treated mice after IR injury. An early increase in protein levels (3 hr of IR) was followed by a visible but not significant increase in TLR2 mRNA (24 hr of IR). This early increase in TLR2 protein expression might be due to rapidly invading inflammatory cells. As we analysed kidney homogenates and not only TECs, endothelial or inflammatory cells would be depicted in the results, too. While mRNA levels remained unaltered between TLR2 ab-and saline-treated mice, our Western blot analyses yielded significantly decreased levels of TLR2 protein after 3 hr of IR compared to saline animals. This distinction declined at later points in time. Yet, this condition indicates that the applied treatment with TLR2 ab effectively influenced TLR2 expression on the protein level. As TLR2 ab Fig. 2 . Western blot analyses of TLR2, pAKT, pPI3K and pERK. (A) Western blot analyses of TLR2 relative to b-actin, phosphorylated AKT relative to total AKT, phosphorylated PI3K relative to total PI3k and phosphorylated ERK relative to total ERK (n = 8 per interventional group). Statistical significance was calculated using the Kruskal-Wallis test followed by Dunn's multiple comparison test or the one-way ANOVA followed by Bonferroni's multiple comparison test where applicable. p-values ≤0.05 were assumed as statistically significant. Horizontal lines represent the medians; boxes represent the interquartile range (25-75%). Whiskers above and below the box indicate the 90th and 10th percentiles. Outliers are depicted as dots and included in the statistical calculation. (B) Correlation of pAKT, pPI3K and pERK protein levels with TLR2 protein levels (n = 8 per interventional group). The Spearman correlation coefficient analysis was used to determine the relation between protein expressions. Correlation analyses included all groups. p-values ≤0.05 were assumed as statistically significant. *significant difference between TLR2 ab-and saline-treated at one point in time; x significant difference to CTRL; ƒ significant difference in the time course within TLR2 ab-treated or saline-treated mice. */x p < 0.05; **/xx p < 0.01. Representative micrographs of TUNEL-stained kidney sections of control, TLR2 ab-and saline-treated mice at 3, 24 and 48 hr IR. Three fields within the cortex and outer medulla in each group (n = 8) have been evaluated at 400-fold magnification. Quantification was performed using a script programmed in MATLAB measuring proportional coloured pixels in a defined relative area. Quantification was done by setting brown pixels into relationship to blue-coloured pixels. Statistical significance was calculated using the one-way ANOVA followed by Bonferroni's multiple comparison test. p-values ≤0.05 were assumed as statistically significant. Horizontal lines represent the medians; boxes represent the interquartile range (25-75%). Whiskers above and below the box indicate the 90th and 10th percentiles. Outliers are depicted as dots and included in the statistical calculation. The Spearman correlation coefficient analysis was used to determine the relation between TLR2 protein expression and TUNEL-positive cells. Correlation analyses included all groups. * significant difference between TLR2 ab-and saline-treated at one point in time; x significant difference to CTRL; ƒ significant difference in the time course within TLR2 ab-treated or saline-treated mice. ***/ƒƒƒ p < 0.001. counteracts TLR2 protein availability, delayed increased TLR2 mRNA in TLR2 ab-treated mice might reflect compensatory mechanisms to the previous reduction of TLR2 protein availability during IR injury. In control animals, a very low mRNA expression of TLR2 is apparent as TLR2 is known to be constitutively expressed in renal epithelial cells [14] . However, we observed a distinctive effect of TLR2 antibody on the protein level, which might be owing to the fact that synthesis of TLR2 is known to be markedly enhanced in renal epithelial cells upon IR [14] .
In line with previous studies [24] [25] [26] , we also observed an increased phosphorylation of AKT after IR in saline-treated mice. Interestingly, we noted a significantly decreased degree of AKT phosphorylation in TLR2 ab-treated mice after 3 hr of IR compared to saline-treated animals. In the graphical representation, AKT phosphorylation displayed parallel trajectory dynamics to the TLR2 protein. Hence, a significant positive correlation between TLR2 protein expression and AKT phosphorylation could be detected, which assumes a link between TLR2 and AKT protein expression in renal IR. This finding is in accordance with one of our former publications, where we detected a positive correlation between TLR2 and phosphorylation of AKT in myocardial IR [17] . Likewise, a novel signalling pathway downstream of TLR2 leading to phosphorylation of AKT in macrophages exposed to diacylated lipoproteins has been described previously [27] .
In this regard, stimulation of TLR2 was described to activate the PI3K/AKT signalling pathway through TLR2 tyrosine phosphorylation and association with the p85 subunit of PI3K in murine myocardial IR [9] . Referring to the kidney, an in vitro model using chemical anoxia in cultivated kidney cells also revealed that AKT phosphorylation was PI3K-dependent [25] . However, our analyses disclosed no significant increase in pPI3K in the post-ischaemic kidney perceiving that the link between TLR2 and AKT phosphorylation might follow alternate signalling pathways in the kidney in vivo. This is in line with our previous study in an murine model of myocardial IR, where phosphorylation or expression of PI3K was independent of TLR2, even though application of a PI3K-Inhibitor (wortmannin) abrogated protective effects in TLR2 (À/À) but not in wild-type animals [17] . ERK1/2 has been described to be activated in kidneys from wild-type but not in those from TLR2 (À/À) mice subjected to transient renal ischaemia [26] . Similarly, Andreucci et al. [25] observed that ERK1/2 was phosphorylated in post-ischaemic rat kidneys at 5, 30 and 90 min. and decreased after 24 and 48 hr. Our analyses confirmed an early increase in pERK upon IR injury with decreasing levels at 24 and 48 hr; however, no significant difference was detected between salineand TLR2 ab-treated mice. This could be explained by the different signalling mechanism occurring between TLR2
(À/À) mice and TLR2 ab-treated mice. Finally, in the present mouse model, TLR2/pAKT signalling seems to depend neither on PI3K nor ERK phosphorylation. Nevertheless, the observed lower AKT phosphorylation might explain significantly higher apoptosis rates in animals who received TLR2 ab compared to saline-treated mice. As the number of TUNEL-positive cells correlated negatively with the TLR2 protein expression, this in turn seems to affirm the hypothesis that TLR2 inhibition might affect AKT phosphorylation and consecutively might have an impact on renal tubular apoptosis upon IR. Yet, this again is opposed to previously described significantly lower numbers of apoptotic tubular cells in TLR2 (À/À) mice compared to WT mice [10, 12] .
Various cytokines such as IL-6, IL-1b, CXCL-1 are known to rise in the post-ischaemic mouse kidney [10, [28] [29] [30] [31] . With regard to the applied surgical procedure, IL-6 and IL-1b mRNA proved to markedly increase in IR, as previously described [10, 30] , but no altered expression upon treatment with TLR2 ab was detected. However, protein levels of IL-6 and IL-1b have been described to be significantly reduced in TLR2 (À/À) compared to WT mice in renal IR injury [10, 11] .
Contrariwise, the anti-inflammatory cytokine IL-4 [32] was significantly reduced in early IR but returned to baseline levels after 24 hr. A hallmark of IR induced inflammation constitutes the influx of neutrophil granulocytes into the post-ischaemic tissue [33] . Correspondingly to the literature, we observed an increase in neutrophil infiltration within the outer stripe of the outer medulla in post-ischaemic renal tissue [33] . However, no discrepancy between TLR2 ab-and saline-treated mice was seen. In contrast, TLR2
(À/À) mice have been described to display less neutrophil infiltration [10, 11] . Finally, we investigated representative biomarkers of AKI [34] to evaluate the functional impairment. NGAL mRNA was markedly elevated in TLR2 ab-treated mice compared with saline-treated mice after 24 hr of IR, and notably, correlated positively with TLR2 mRNA expression, which peaked at 24 hr of IR as well. However, although serum NGAL raised significantly after 24 hr of IR and serum creatinine raised delayed after 48 hr of IR, TLR2 ab treatment did not significantly affect serum levels of the two. This is again in contrast to previous studies in which TLR2
(À/À) mice displayed lower serum creatinine levels [10] [11] [12] . This might be due to the different sustainability of a knockout model and a single application of an TLR2 ab. TLR2 knockout, TLR2 antisense or TLR2 antibody treatment was described to alleviate post-ischaemic kidney injury with regard to the level of renal injury and dysfunction compared with controls substantiated by evaluating the degree of histological alteration, tubular apoptosis, neutrophil influx, cytokine production and rise of AKI marker [8, [10] [11] [12] 15, 26] . Values are expressed in relation to the housekeeping gene18s for mRNA analyses, in ng/ml for NGAL ELISA and in mg/dl for creatinine measurements. All experiments were performed in duplicates. Statistical significance was calculated using one-way ANOVA followed by Bonferroni's multiple comparison test. p-values ≤0.05 were assumed as statistically significant. Horizontal lines represent the medians; boxes represent the interquartile range (25-75%). Whiskers above and below the box indicate the 90th and 10th percentiles. Outliers are depicted as dots and included in the statistical calculation. Significance of correlations was determined by Spearman's test. Correlation analyses included all groups. * significant difference between TLR2 ab-and saline-treated at one point in time; x significant difference to CTRL; ƒ significant difference in the time course within TLR2 ab-treated or saline-treated mice. x p < 0.05; ***/xxx/ƒƒƒ p < 0.001.
However, in a recent study, TLR2
(À/À) knockout mice subjected to renal IR were not protected from injury [16] . Considering cerebral ischaemia [5, 6] or myocardial ischaemia [7, 13, 17] , conflicting observations have been made so far. Therefore, the role of TLR2 in IR injury of diverse organs remains inconsistent. A reason for differing results could be due to the experimental setting. Whether a repeated administration of TLR2 ab might influence the temporal response, display diverse counter-regulatory effects or exert more persistent effects during the tubular response to injury following ischaemic period remains speculative. Interception with innate immune system receptors like TLR2 appears a promising strategy for the moderation of the inflammatory response secondary to IR injury. However, as evidence of its various effects over time compiles, the when, where and how becomes increasingly uncertain. The present study proves effective modulation of allegedly protective surrogates while no functional benefit could be detected after TLR2 ab treatment. Further studies are warranted to elucidate the dosing, timing and possible unwanted effects of TLR2 blockade.
